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A broad family of viruses called coronaviruses may infect people. The 
infection's symptoms are often relatively minor and resemble a normal cold. 
Since the coronavirus disease of 2019 (Covid-19) has never been observed 
in humans, anyone can contract it, and no one has an innate immunity to it. 
The detection of Covid-19 is now a critical task for medical practitioners. 


computed tomography (CT) scans can be considered as the best way to 


diagnose Covid-19. For patients with severe symptoms, imaging might help 
Keywords: to assess the seriousness of the disease. Also, the CT scan can be helpful for 

; determining a plan of care for a patient. This work focuses on classifying 
Covid-19 Covid-19 cases for healthy and infected by presenting a powerful scheme of 
CT scan image : recognizing CT scan images. In this study will be provided by proposing a 
Deep feature extraction model based on applying deep feature extractions with support vector 
SVM machine (SVM). Big dataset of CT scan images is employed, it is available 
in the repository of GitHub and Kaggle. Remarkable result of 100% have 
been benchmarked as the highest evaluation after investigations. The 
proposed model can automatically detect between healthy and infected 


individuals. 
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1. INTRODUCTION 

Coronavirus disease 2019 (Covid-19) is a type of virus that obtained significant attentions. The first 
case of Covid-19 was reported on the 1st of December 2019. It named severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2). It may be originated in an animal, then, changed to cause disease for humans. 
Since less than 7 months, it has now become a serious global threat. It caused more than 9 million injuries 
and 525,000 deaths. Currently, there is no preventative treatment for Covid-19. In this epidemic, 
unprecedented efforts to discover and develop new vaccines and therapeutic strategies against this new 
Covid-19 are rapidly increased. While hundreds of therapies/vaccines are still investigated and at an early 
stage of clinical developments. The first cases occurred in Wuhan, China. Then, Covid-19 has rapidly spread 
around the world [1]. In recent years, Covid-19 has caused a serious threat to the public health [2], [3]. 
Considering the rapidly increasing cases and severity disease, the World Health Organization (WHO) 
declared global health emergency on the 30th of January 2020 [4]. Despite of implementing worldwide 
efforts to prevent the virus spreading such as applying social distances and quarantining infected persons, its 
infections could not be prevented. Therefore, the WHO declared that Covid-19 is a pandemic on the 11th of 
March 2020 [5]. 
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The symptoms of Covid-19 and its clinical characteristics for those patients who got infected are 
common. They have similar characteristics of influenza virus including fever, myalgia, cough, headache, shortness 
of breath, expectoration, nasal tampon, and fatigue. In severe cases, the infection can result in death [6]. The 
incubation period is not exactly clear, but depending on the immune system status of patients, it differs from 
few days to 2 weeks after infection [7]. For the treatment and management of Covid-19, an early diagnosis is 
essential. Particularly at the epicenter of the epidemic, chest computed tomography (CT) imaging may be a 
more accurate, feasible, and quick way to detect Covid-19 [8]. The chest CT scan is a routine imaging 
method for diagnosing lung cancer, pneumonia, asthma, pulmonary thrombosis, and Covid-19 cases [9]-[11]. 
Also, CT scan is considered a relatively fast and easy-to-perform imaging device [12]-[14]. Recent 
researchers found that the sensitivity of CT scan for Covid-19 infection can provide higher accuracy 
compared to X-Ray and it has substantially improved diagnostic facility over X-Ray [15], [16]. The CT scan 
should be considered in the initial assessment for suspected Covid-19 infections instead of X-Ray in terms of 
avoiding radiation exposure risk. Furthermore, the reverse-transcription polymerase chain reaction (RT-PCR) 
testing provides lower sensitivity than the CT scan [17]. This study is aiming to classify a big data of CT scan 
images into healthy and infected Covid-19 cases by combining between the deep learning (DL) and support 
vector machine (SVM). Comprehensive work is provided to face challenges, solve problems, and attain a 
high classification accuracy. The main contributions of this work are as follows: 

a. During data processing, deep features are extracted by passing them through a network with multiple 
layers to obtain useful features. 

b. Combining between the deep extracted features and SVM in one efficient model. 

c. Classifying between healthy and infected Covid-19 cases by applying a big data of CT images. In this 
paper, remaining sections after this introduction are distributed as follows: section 2 reviews previous 
studies, section 3 describes the materials and methods, section 4 provides the results and discussions, and 
section 5 declares the conclusions. 

The traditional machine learning (ML) methods, such as multi-layer perception (MLP), almost 
employ shallow structures to handle a constrained sample size and computing unit count. The performance 
and generalization capacity of complicated classification tasks should be adequate when the objective has 
rich meanings. 

The DL network based on the convolutional neural network (CNN) has been developed in recent 
years. It has been widely used in the field of image processing. It has become powerful and universal. 
Newman et al. [18] offer a new reconstruction approach based on the CNN, and they show its benefits in 
terms of speed and reliability. Have been presented a classification method that robustly provides correct 
results while preserving controllable storage costs. It uses the truncation of local tensor singular value 
decompositions. There was a way for calculating particular pairwise match scores that might be helpful, for 
instance, with object identification issues where pose and position varied. Three CNN techniques were 
covered by Wang et al. [19]. 

In general, the feature extraction, trained, and hybrid approaches are these. The network model is 
more like a biological neural network. In that it preserves the network's deep structure while reducing the 
necessary parameters. Been demonstrated deep circuits’ associated groups of functions are known as deep 
architectures. The foundation of DL algorithms is the parameterization of such circuits and the adjustment of 
their parameters to roughly optimize some training objective. Study also concentrated on representation 
learning at many levels, or DL. The goal was to identify more abstract characteristics at higher levels of 
representation that would make it simpler to distinguish between the numerous explanatory elements that are 
present in the data. Have been recommended in order to learn the complex functions that can represent high- 
level abstractions (for example, in vision, language, and other artificial intelligence (AI)-level tasks). As a 
result, it is simpler to train and has strong generalization energy [20], [21]. 

This benefit is especially pronounced when the network input is a multi-dimensional picture since it 
may use the network input immediately without going through the laborious feature extraction and data 
reconstruction steps that standard recognition methods need. Consequently, a CNN may be thought of as an 
MLP. However, a CNN is built to detect two-dimensional structures that are extremely invariant to translation, 
scaling, tilting, and other types of deformations [22]-[24]. 

More and more image data is being kept online due to the fast advancement of mobile internet 
technologies. Particularly in the sphere of medicine, images have replaced words as an essential source of 
information [25]-[28]. Under this background, it seems that it is very important to suggest an intelligent 
classification method which can deal with significant images as CT data of Covid-19 and provide accurate 
healthy/infected decision. The deep features are retrieved by running the CT images through a network with 
various layers to provide effective features. and getting flawless outcomes by merging the SVM and deep 
retrieved features into a single effective model. 
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2. MATERIALS AND METHODS 
2.1. Dataset 

The dataset that is used in this work basically includes CT scan images. Its data is randomly 
collected as mentioned in the open sources of GitHub repository and Kaggle [29], [30]. Chest CT scan 
images in this dataset have been obtained from patients and they have been interpreted and reported by expert 
radiologists. The CT scan images are of type portable network graphics (PNG) and each image matrix has a 
size equal to 512x512 pixels. The dataset includes 8,439 items, with 7,495 Covid-19 infected patients and 
944 Covid-19 uninfected patients (healthy or negative cases). Multiple examples of the CT scan images for 
infected and uninfected Covid-19 cases are shown in Figure 1. Where Figure 1(a) shows cases of infected 
people with Covid-19, while Figure 1(b) shows cases of uninfected Covid-19 people. 


a / a \ 


Figure 1. Multiple examples of the CT scan image for (a) infected Covid-19 cases and (b) uninfected 
Covid-19 cases 


2.2. Machine learning 

ML is an important area in the AI. It considers an algorithm strategy that has the ability to learn from 
data, then, predict outputs from other data [31]. In recent years, ML has quickly been expanded in terms of data 
analysis and consideration, allowing applications to work intelligently [32]. ML is typically considered as the most 
popular and contemporary technology, since it allows systems to learn and improve their experiences. In addition, 
it surpasses in classifying objects (and many other related tasks) [33]. The efficacy and efficiency of an ML 
solution is mostly depends on the type and quality of data, and the performance of an employed learning algorithm. 
Learning algorithms are selected according to the ML applications of feature extraction, regression, dimensionality 
reduction, clustering and classification [34], [35]. Furthermore, DL has been evolved as a part of the larger ML 
family [36] and can be used to intelligently analyses data. 

Despite the good performances of deep learning networks, there are still many good reasons 
encouraging to use classic ML methods. For example, there are researchers who have found using the SVM 
method can provide a high prediction accuracy compared to other classifiers [37]. Hence, an efficient model to 
classify chest CT scan images of Covid-19 into healthy and infected cases will be presented. We used in this 
study a ML approach that utilizes the powers of CNN and SVM, where this can better lead to classify CT scan 
images into infected and uninfected Covid-19 cases. This work involves multiple important parts: image pre- 
processing, deep feature extraction and classifier, then, comparisons. The proposed model is shown in Figure 2. 


2.3. Deep feature extraction 

In this study, deep feature extraction is suggested via a proposed model. It consists of multiple layers as 
demonstrated in Figure 2 starting from the input layer, which collects original input matrix pixels. In this study, 
PNG images, each with the dimensions of (widthxheight) pixels, are used all the data 16-bit gray scale images 
composed of 512x512 pixels. After that, the data is sent to a batch normalization (BN) layer for standardizing the 
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input values. This technique operates on the input data over a sequence of steps. Mathematically BN calculates the 


mean and variance of features for mini-batches, then the mean is subtracted and each value is divided by the 
standard deviation of a mini-batch. This stabilizes the learning process and enables faster training. 
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Figure 2. The proposed efficient model to classify chest CT scan images of Covid-19 into healthy and 
infected cases 


Usually, normalization remapping the variances between values which may significantly affect the 
processes in the next layers. Mathematical expressions for the operations in a BN layer are given as (1) [38]: 
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1 
Mp = Xie Xi (1) 
where ug represents the batch mean, m represents the number of BN batch inputs, p represents the current 
batch and x; represents the input values to the BN layer. 


1 
of =~ EEC- ap 2 (2) 


where OR represents the batch variance and o represents the standard deviation of BN batch inputs. 


X= fare (3) 


where £, represents the normalized value and £ represents the smoothing it prevents division by zero within 
the operation, ensuring numerical stability. 0.00005 is the value of the smoothing factor. 


Yi =X, + P = BN, p(x) (4) 


where y; is the value of the final operation, the scaling y is for the scaling and £ is for the shifting. It is 
possible to learn the scaling and shifting parameter values. BN makes sure that the teachable parameters have 
the ideal values during neural network training in order to enable precise normalization for each mini batch. 
Additional BN layer is adopted after the convolution and rectified linear unit (ReLU) layers. Subsequently, 
the deep features are extracted and applied to the SVM. The operations of convolution and ReLU layers have 
been highlighted in [39]-[42]. Consequently, the obtained deep features are fed to the SVM in order to 
classify between the infected Covid-19 cases and healthy cases. 


2.4. Support vector machine 

SVM is an effective classification technique. It is based on two ideas. The first idea is mapping the 
values of a feature vector into a high dimensional space with a nonlinear method. The second idea is separating 
the mapped values by a margin hyper plane. The plane may well classify the mapped values [43]. This method 
is highly preferred because of its high performance and less computational power. It can usually solve linear and 
non-linear problems. Initially, the data which is required to be classified are imported. Then, it is represented as 
unique points in a high dimensional space, where each point is represented in a vector of features. 


x ER? (5) 


where R®¢ represents the vector space with d dimension. The lengths of vectors are also called norms. The 
length of vector x is calculated as: 


|x|] = x1? + x22 + x3? (6) 


where x1, Xz and x3 represent different values in the vector x. The direction of vector x is calculated as: 
x41 X2 X3 
Tell? Teo? Theil, 7 
lis arian} 

In real world applications, finding the perfect classes for many training datasets takes long time. 
Usually, some parameters are adopted in order to control the accuracy and SVM classifier. One of the most 
important parameters is the kernel function. Amazing issue about kernel is that we can utilize it to go to 
higher dimensions and perform smooth calculations. The kernel plays important role in learning with the 
hyper plane, it is done by transforming the problem by using a certain algebra. Different SVM algorithms use 
differing kinds of kernel functions such as linear, radial basis function (RBF) and Gaussian kernel. For linear 


kernel, the equation of predicting a new input using the dot product between the input x and each support 
vector x; is calculated as (8): 


finer (X, xi) = 2C xX. Xi) (8) 


RBF is one of the most used and preferred kernel functions in the SVM. Usually, it is chosen for non-linear 
classification. It is calculated as (9): 


Tesu Goxi) me lle aa?) a 
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where, gamma varies between 0 to 1, the most preferred value is 0.1. Gaussian kernel is used for removing 
the cross term in mathematical functions. It can be calculated as (10): 


-Ilx = x;ll^2 


ag (10) 


foaussian(%, xi) =e 


where, o represents the standard deviation [44]. 


3. RESULTS AND DISCUSSION 

A public Covid-19 or severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) lung CT scan 
dataset is employed. It consists of 8439 CT scan images, 7495 positively Covid-19 infected patients and 944 
negatively Covid-19 infected patients. The data was obtained from genuine patients in radiology centers of 
teaching hospitals in Tehran, Iran. Image are acquired as 512x512 pixels in PNG format. 

Training and testing are done by using a computer that has specifications as follows: Dell-brand 
laptop with 32 GB of RAM, an intel core (TM) i5 8th Gen processor clocked at 3 GHz, and other 
specifications. The CPU is the basis for all implementations. Used learning parameters in the deep feature 
extraction are listed in Table 1. Adam optimizer was chosen as the best option because the magnitudes of 
parameter updates are invariant to gradient rescaling, its step sizes are approximately bounded by the hyper 
parameter step size, it does not require a stationary objective and it works with sparse gradients. In addition, 
Adam's implementation is simple, computationally efficient and needs minimal memory [45]. In this study, 
0.0001 learning rate is employed, which yielded a significant improved generalization accuracy. Minimum 
batch size of 128 is utilized for training, it allows computational speedups. Number of epochs is determined 
equal to 100, which provides sufficient time and performance for updating the weights. Verbose frequency 
and validation frequency are both equal to 20 as this allows the network to apply its computational power and 
this might perform better in training. 


Table 1. Specifications for the deep feature extraction algorithm 


Training parameter Value 
Optimizer Adam 
Initial learn rate 0.0001 
Max epochs 100 
Minimum BatchSize 128 
Verbose frequency 20 
Validation frequency 20 


In the exploited SVM, every training option helps in detecting and classifying the healthy and 
unhealthy persons from Covid-19 by employing CT scan images. It can be observed from Table 2 the SVM 
options which are considered here. For the first option the constraint box (CB) value is used equal to 1. It 
allows to set the CB for the soft margin and usually this value can be a scalar or a vector of the same length 
as the training data. In the options of type ‘Kernel function’, ‘Kernel scale parameter’ and ‘Kernel offset 
parameter’, the following values are used: Gaussian, 0.3 and 0.1, respectively. Gaussian operations can be 
utilized for the general supervised learning to solve probabilistic classification and regression problems. The 
algorithm implements an ‘optimization routine’ based on an iterative single data algorithm (ISDA). This 
makes the work fast and solves critical problems, when the learning phase of the SVM is proportional to the 
number of training data pairs. The classified predictors list's selected option is set to ‘vector of positive 
integers’. Accordingly, each component of the vector is an index value that designates the category of the 
relevant predictor for that element. The index values range is from 1 to the number of predictors employed in 
training. ‘Categorical array’ is utilized in the option ‘names of classes to use for two-class learning’. Each 
element must match a row in the array for this option to be valid. To establish the training's class order and 
the position of each argument's input or output dimensions in relation to that order. In the ‘Observation 
weights’ option, a ‘numeric vector’ of positive values is combined with weights. The software compares the 
weights of the observations in each row. In ‘number of folds’ has been used equal to 10-fold cross validation 
(CV) to train the classifier. This method divides the initial samples into training and testing sets in order to 
compare the performance of predictive models. 

Table 3 and Figure 3 show the lowest obtained value for the classification is 29.19% with the value 
of polynomial kernel function equal to 0.3. While the accuracy rate is increased to 95.91% after using the 
automatic (auto) value of for the same kernel function. Wheres, the SVM classifier gives close accuracies by 
implementing the linear kernel function for the two options of auto and 0.3 as they respectively obtain 
88.42% and 89.63%. Our method reaches its best results after utilizing the Gaussian kernel function, where it 
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achieves the accuracy of 97.98% for the auto and a remarkable value of 100% for 0.3. Deep feature 
extractions with the SVM (together as one embedded technique), therefore, can enhance the capability of 
classifying Covid-19 cases into healthy and infected. It has yielded much more accurate results than applying 
a single CNN method only, where this gave the accuracy of 72%. 


Table 2. Classifier parameters for the SVM 


SVM parameters Value 
CB 1 
Kernel function Gaussian 
Kernel scale parameter 0.3 
Kernel offset parameter 0.1 
Optimization routine ISDA 
Categorical predictors list Vector of positive integers 
Names of classes to use for two-class learning Categorical array 
Observation weights Numeric vector 
Number of folds 10 


Table 3. The effects of various SVM kernel functions on testing our proposed algorithm 


SVM testing options Value of function Accuracy (%) 
Polynomial Kernel Function Auto 95.91 
Polynomial Kernel Function 0.3 29.19 
Linear Kernel Function Auto 88.42 
Linear Kernel Function 0.3 89.63 
Gaussian Kernel Function Auto 97.98 
Gaussian Kernel Function 0.3 100 
9 9 100% 
m 95,91% 88,42% 39,63% 97,98% 
1 
0,8 
co) 
06 5 
oO 
04 > 
0,2 Accuracy 
0 A Parameter 
Polynomial Polynomial Linear Linear Gaussian Gaussian 
Kernel Kernel Kernel Kernel Kernel Kernel 
Function Function Function Function Function Function 
SVM testing options E Parameter W Accuracy 


Figure 3. The performances of different SVM kernel functions on testing our suggested algorithm 


4. CONCULUSION 

In this paper, an effective model for classifying Covid-19 chest CT scan images into healthy and 
infected cases was presented. We applied a ML strategy in this work which exploited the power of deep 
feature extractions with the SVM. This included several key components: image pre-processing, deep feature 
extraction and classification. In evaluating this model, we used a large dataset of CT scan images. The model 
proved to be effective, where in the evaluation it obtained a very high accuracy of 100%. This was better 
performance than applying a single CNN alone, which gave a small and unsatisfied accuracy of 72%. 


REFERENCES 

[1] M. Neagu et al., “Back to basics in Covid-19: Antigens and antibodies-completing the puzzle,” Journal of Cellular and Molecular 
Medicine, vol. 25, no. 10, pp. 4523-4533, 2021, doi: 10.1111/jcmm.16462. 

[2] S. P. Cohen et al., “Pain management best practices from multispecialty organizations during the Covid-19 pandemic and public 
health crises,” Pain Medicine, vol. 21, no. 7, pp. 1331—1346, Jul. 2020, doi: 10.1093/pm/pnaal27. 

[3] J. Tsai and M. Wilson, “Covid-19: A potential public health problem for homeless populations,” The Lancet Public Health, vol. 5, 


Classifying healthy and infected Covid-19 cases by ... (Marwa Mawafaq Mohamedsheet Al-Hatab) 


3286 O ISSN: 2302-9285 


no. 4, pp. e186—e187, Apr. 2020, doi: 10.1016/S2468-2667(20)30053-0. 

[4] C. Sohrabi et al., “World Health Organization declares global emergency: A review of the 2019 novel coronavirus (Covid-19),” 
International Journal of Surgery, vol. 76, pp. 71—76, Apr. 2020, doi: 10.1016/j.ijsu.2020.02.034. 

[5] A. Carteni, L. Di Francesco, and M. Martino, “How mobility habits influenced the spread of the Covid-19 pandemic: Results from 
the Italian case study,” Science of The Total Environment, vol. 741, p. 140489, Nov. 2020, doi: 10.1016/j.scitotenv.2020.140489. 

[6] R. Ozaras et al., “Influenza and Covid-19 coinfection: Report of six cases and review of the literature,” Journal of Medical 
Virology, vol. 92, no. 11, pp. 2657-2665, Nov. 2020, doi: 10.1002/jmv.26125. 

[7] P. Brodin, “Immune determinants of Covid-19 disease presentation and severity,” Nature Medicine, vol. 27, no. 1, pp. 28-33, Jan. 
2021, doi: 10.1038/s41591-020-01202-8. 

[8] K. Zhang et al., “Clinically applicable AI system for accurate diagnosis, quantitative measurements, and prognosis of Covid-19 
pneumonia using computed tomography,” Cell, vol. 181, no. 6, pp. 1423-1433.e11, Jun. 2020, doi: 10.1016/j.cell.2020.04.045. 

[9] F. Ufuk, M. Demirci, E. Sagtas, I. H. Akbudak, E. Ugurlu, and T. Sari, “The prognostic value of pneumonia severity score and 
pectoralis muscle area on chest CT in adult Covid-19 patients,” European Journal of Radiology, vol. 131, p. 109271, Oct. 2020, 
doi: 10.1016/j.ejrad.2020.109271. 

[10] X. Wu et al., “3-month, 6-month, 9-month, and 12-month respiratory outcomes in patients following Covid-19-related 
hospitalisation: a prospective study,” The Lancet Respiratory Medicine, vol. 9, no. 7, pp. 747—754, Jul. 2021, doi: 10.1016/S2213- 
2600(21)00174-0. 

[11] P. Nagpal et al., “Quantitative CT imaging and advanced visualization methods: potential application in novel coronavirus disease 
2019 (Covid-19) pneumonia,” BJR| Open, vol. 3, no. 1, Jan. 2021, doi: 10.1259/bjro.20200043. 

[12] K. V. Zavadovsky et al., “The current status of CZT SPECT myocardial blood flow and reserve assessment: Tips and tricks,” 
Journal of Nuclear Cardiology, vol. 1, no. 15, Apr. 2021, doi: 10.1007/s12350-021-02620-y. 

[13] D. Gort-van Dijk et al., “Bioelectrical impedance analysis and mid-upper arm muscle circumference can be used to detect low 
muscle mass in clinical practice,” Nutrients, vol. 13, no. 7, p. 2350, Jul. 2021, doi: 10.3390/nu13072350. 

[14] W. Kami et al., “Rapid and simultaneous identification of three mutations by the Novaplex™ SARS-CoV-2 variants I assay kit,” 
Journal of Clinical Virology, vol. 141, p. 104877, Aug. 2021, doi: 10.1016/j.jev.2021.104877. 

[15] S. A. Gafoor, N. Sampathila, M. M, and S. K S, “Deep learning model for detection of Covid-19 utilizing the chest X-ray 
images,” Cogent Engineering, vol. 9, no. 1, Dec. 2022, doi: 10.1080/23311916.2022.2079221. 

[16] G. U. Nneji et al., “Fine-tuned siamese network with modified enhanced super-resolution gan plus based on low-quality chest X- 
ray images for Covid-19 identification,” Diagnostics, vol. 12, no. 3, p. 717, Mar. 2022, doi: 10.3390/diagnostics 12030717. 

[17] A. M. Cattelan et al., “Rapid antigen test LumiraDxTM vs. real time polymerase chain reaction for the diagnosis of SARS-CoV-2 
infection: A retrospective cohort study,” International Journal of Environmental Research and Public Health, vol. 19, no. 7, p. 
3826, Mar. 2022, doi: 10.3390/ijerph19073826. 

[18] E. Newman, M. Kilmer, and L. Horesh, “Image classification using local tensor singular value decompositions,” in 20/7 IEEE 7th 
International Workshop on Computational Advances in Multi-Sensor Adaptive Processing (CAMSAP), Dec. 2017, pp. 1-5, doi: 
10.1109/CAMSAP.2017.8313137. 

[19] W. Lu, J. Li, J. Wang, and L. Qin, “A CNN-BiLSTM-AM method for stock price prediction,” Neural Computing and 
Applications, vol. 33, no. 10, pp. 4741-4753, 2021, doi: 10.1007/s00521-020-05532-z. 

[20] J.-M. Morel and G. Yu, “ASIFT: A new framework for fully affine invariant image comparison,” SIAM journal on imaging 
sciences, vol. 2, no. 2, pp. 1-30, 2009, doi: 10.1.1.155.1721. 

[21] M. Xin and Y. Wang, “Research on image classification model based on deep convolution neural network,” EURASIP Journal on 
Image and Video Processing, no. 40, pp. 1-11, Dec. 2019, doi: 10.1186/s13640-019-0417-8. 

[22] Q. Zhao, G. Cheng, X. Han, D. Liang, and X. Wang, “Fault diagnosis of main pump in converter station based on deep neural 
network,” Symmetry, vol. 13, no. 7, pp. 1-12, 2021, doi: 10.3390/sym13071284. 

[23] B. Senyuk, R. E. Adufu, and I. I. Smalyukh, “Electrically powered locomotion of dual-nature colloid-hedgehog and colloid- 
umbilic topological and elastic dipoles in liquid crystals,” Langmuir, vol. 38, no. 2, pp. 689-697, Jan. 2022, doi: 
10.102 1/acs.langmuir. 1c02546. 

[24] X. Xue and X. Xue, “Application of convolutional neural network algorithm under deep learning in digital clothing design,” 
Security and Communication Networks, vol. 2022, pp. 1-12, May 2022, doi: 10.1155/2022/4880555. 

[25] J. Egger et al., “Studierfenster: an open science cloud-based medical imaging analysis platform,” Journal of Digital Imaging, vol. 
35, no. 2, pp. 340-355, Apr. 2022, doi: 10.1007/s 10278-021-00574-8. 

[26] L. Maier-Hein et al., Surgical data science — from concepts toward clinical translation, vol. 76. 2022. 

[27] A. A. Safaei, “Hybrid fragmentation of medical images’ attributes for multidimensional indexing,” Cluster Computing, vol. 25, 
no. 1, pp. 215-230, Feb. 2022, doi: 10.1007/s 10586-021-03356-7. 

[28] L. Maier-Hein et al., “Surgical data science—from concepts toward clinical translation,” Medical Image Analysis, vol. 76, pp. 1-46, 
2022. 

[29] M. Aria, “COVID-19 Lung CT Scans,” kaggle, 2020. [Online]. Available: https://www.kaggle.com/datasets/mehradaria/covid19- 
lung-ct-scans, Accessed 12 November 2021. 

[30] GitHub Repository containing CT scan images, 2021. [Online]. Available: https://github.com/UCSD-AI4H/COVID-CT. Accessed 
12 November 2021. 

[31] A. Bandyopadhyay and C. Goldstein, “Clinical applications of artificial intelligence in sleep medicine: a sleep clinician’s 
perspective,” Sleep and Breathing, pp. 1-17, Mar. 2022, doi: 10.1007/s11325-022-02592-4. 

[32] A. Gharaibeh et al., “Smart cities: A survey on data management, security, and enabling technologies,” IEEE Communications 
Surveys & Tutorials, vol. 19, no. 4, pp. 2456-2501, 2017, doi: 10.1109/COMST.2017.2736886. 

[33] M.A. Amou, K. Xia, S. Kamhi, and M. Mouhafid, “A novel MRI diagnosis method for brain tumor classification based on CNN 
and Bayesian optimization,” Healthcare, vol. 10, no. 3, p. 494, Mar. 2022, doi: 10.3390/healthcare10030494. 

[34] M. Li, H. Wang, L. Yang, Y. Liang, Z. Shang, and H. Wan, “Fast hybrid dimensionality reduction method for classification based 
on feature selection and grouped feature extraction,” Expert Systems with Applications, vol. 150, p. 113277, Jul. 2020, doi: 
10.1016/j.eswa.2020.113277. 

[35] R. Zebari, A. Abdulazeez, D. Zeebaree, D. Zebari, and J. Saeed, “A comprehensive review of dimensionality reduction techniques 
for feature selection and feature extraction,” Journal of Applied Science and Technology Trends, vol. 1, no. 2, pp. 56-70, May 
2020, doi: 10.38094/jastt1224. 

[36] L. Alzubaidi et al., “Review of deep learning: concepts, CNN architectures, challenges, applications, future directions,” Journal of 
Big Data, vol. 8, no. 53, p. 74, Dec. 2021, doi: 10.1186/s40537-021-00444-8. 

[37] S. Uddin, A. Khan, M. E. Hossain, and M. A. Moni, “Comparing different supervised machine learning algorithms for disease 


Bulletin of Electr Eng & Inf, Vol. 11, No. 6, December 2022: 3279-3287 


Bulletin of Electr Eng & Inf ISSN: 2302-9285 O 3287 


[38] 
[39] 


[40] 


[41] 
[42] 
[43] 
[44] 


[45] 


prediction,” BMC Medical Informatics and Decision Making, vol. 19, no. 281, pp. 1-16, Dec. 2019, doi: 10.1186/s12911-019- 
1004-8. 

M. Liu, W. Wu, Z. Gu, Z. Yu, F. Qi, and Y. Li, “Deep learning based on batch normalization for P300 signal detection,” 
Neurocomputing, vol. 275, pp. 288-297, Jan. 2018, doi: 10.1016/j.neucom.2017.08.039. 

L. B. M. M. A. -Hatab, R. R. O. A. -Nima, I. Marcantoni, and C. Porcaro, “Classifying various brain activities by exploiting deep 
learning techniques and genetic algorithm fusion method,” TEST Engineering & Management, vol. 83, pp. 3035-3052, 2020. 

M. M. A. -Hatab, R. R. O. A. -Nima, I. Marcantoni, C. Porcaro, and L. Burattini, “Comparison study between three axis views of 
vision, motor and pre-frontal brain activities,’ Journal of Critical Reviews, vol. 7, no. 5, pp. 2598-2607, 2020, doi: 
10.31838/jcr.07.05.430. 

S. O. Ali, R. R. O. A. -Nima, and E. A. Mohammed, "Earprint authentication for communicating purpose," Moldova: LAP 
Lambert Academic Publishing, p. 92, 2020. 

S. O. Ali, R. R. O. A. -Nima and E. A. Mohammed, "Individual Recognition with Deep Earprint Learning," 2021 International 
Conference on Communication & Information Technology (ICICT), 2021, pp. 304-309, doi: 10.1109/ICICT52195.2021.9568410. 
P. Konar and P. Chattopadhyay, “Bearing fault detection of induction motor using wavelet and Support Vector Machines 
(SVMs),” Applied Soft Computing, vol. 11, no. 6, 4203-4211, 2011, doi: 10.1016/j.asoc.2011.03.014. 

S. Fotini, V. Katsouros and G. Carayannis, "Recognition of online handwritten mathematical formulas using probabilistic SVMs 
and stochastic context free grammars," Pattern Recognition Letters, vol. 53, pp. 85-92, 2015, doi: 10.1016/j.patrec.2014.11.015. 
D. P. Kingma and J. Ba, “Adam: A method for stochastic optimization,” arXiv preprint arXiv: 1412.6980, 2014. 


BIOGRAPHIES OF AUTHORS 


Marwa Mawfaq Mohamedsheet Al-Hatab © EJ E © received the B.Sc. degree in 
medical istruments engineering from Technical Engineering College, Mosul, Northren 
Technical University (NTU), Mosul, Iraq. The M.Sc. degree in biomedical engineering from 
Universita Politecnica delle Marche (UNIVPM). She is an assesistant lecturer at Technical 
Engineering college, Mosul, Northren Technical University (NTU), Mosul, Iraq. She can be 
contacted at email: marwa.alhatab @ntu.edu.iq. 


Raid Rafi Omar Al-Nima © EJ 1> received the BSc and MSc degrees in Technical 
Computer Engineering in 2000 and 2006, respectively. During 2006, he worked as an 
Assistant Lecturer in the Technical College of Mosul, Iraq. In 2011, he obtained the Lecturer 
scientific title in the same college. In 2017, he accomplished his PhD in the School of 
Electrical and Electronic Engineering at Newcastle University, UK. In 2020, he achieved the 
title of Assistant Professor in the Northern Technical University. His research interests are in 
the fields of pattern recognition, security, artificial intelligence, and image processing. He can 
be contacted at email: raidrafi3 @ntu.edu.iq. 


Maysaloon Abed Qasim © ki Ò received the B.Sc. degree in electrical engineering 
from Mosul University, Iraq, the M.Sc. degree in electronic and communication from Mosul 
University, Iraq, and the Ph.D. degree electronic and computer engineering from Altinbas 
University, Istanbul, Turkey. She is lecturer at Technical Engineering College, Northren 
Technical University (NTU), Mosul, Iraq. She can be contacted at email: 
maysloon.alhashim @ntu.edu.iq. 


Classifying healthy and infected Covid-19 cases by ... (Marwa Mawafaq Mohamedsheet Al-Hatab) 


